(Received for publication October 11, 1935) There is little doubt that unaltered food proeins may reach the systemic circulation in small amounts. In early experiments, protein substances were injected into ligated intestinal loops, and the nitrogenous material therein was observed to diminish gradually, thus indicating partial absorption through the intestinal wall. Soon after the introduction of the precipitin test for the demonstration of small amounts of protein, the method was applied to the detection of ingested proteins in the blood stream. Uhlenhuth in 1900 ( 1) was probably the first to use the test for this purpose. After feeding egg white to rabbits for a long time, he found traces in the systemic blood. Ascoli and Vigano (2) and Ganghofner and Langer (3) repeated the experiment a few years later, with different proteins, in dogs. They secured positive precipitin reactions soon after a single feeding. Hamburger and Sperk (4) were doubtful of their results in similar experiments. Schloss and Worthen (5) applied the test to humans and found that the digestive tract of normal infants is usually impermeable to protein food. In nutritional and gastro-intestinal disorders, however, they detected egg protein in the urine. Later, Schloss and his associates (6, 7) found that the enteral absorption of antigenic proteins (egg white, milk, sheep serum) by normal or marasmic infants led to the appearance of specific precipitins in the blood, indicating the transfer of small amounts of protein from the gut. Here, the blood acquired the properties of an immune serum, with precipitins appearing in about two weeks. In the earlier tests the systemic blood was mixed with immune rabbit serum containing precipitins. Hektoen, Kanai and Dragstedt (8) fed thyroglobulin to fasting dogs, and found precipitins in the portal and systemic blood but none in the digestive mucosa, indicating, they believed, a direct absorption into the tributaries of the portal vein.
The anaphylactic method has likewise been used to demonstrate that small amounts of protein escaped through the bowel wall. Rosenau and Anderson (9) in 1906 shocked parenterally sensitized guinea pigs by feeding them the specific antigen. Hettwer and Kriz (10) obtained the same results and worked out conditions of the experiment in detail. Van Alstyne (11, 12) injected guinea pigs sensitized to egg albumen, horse serum, edestin, and other proteins, with the blood and urinary proteins of dogs fed these substances, and obtained shock.
Walzer (13), by using the Prausnitz-Kiustner technic of passive transfer of reagins, more recently introduced a much more delicate method for the detection of minute amounts of specific allergens. Serum from a patient very sensitive to fish was injected intradermally into a normal individual, who on eating fish shortly developed a marked urticarial reaction at the site of injection. Brunner and Walzer (14) believed that the absorption of detectable amounts of fish protein from the gastro-intestinal tract is a normal phenomenon, since they observed it in 93.8 per cent of 65 patients tested. Smyth and Stallings (15) obtained similar results by sensitizing skin sites of newborn babies with reagins to egg, and obtaining local reactions after a colonic flush with 5 per cent egg white in water.
From the foregoing experiments, which have been amply confirmed, it appears beyond question that small amounts of ingested proteins reach the systemic blood. It is surprising how little attention has been given the pathway by which they reach the circulation. There are three possible routes: (1) by absorption through the surfaces of the mouth and esophagus; (2) via the portal vein to the liver with transfer there to the systemic blood; (3) via the lacteals and thoracic duct lymph.
Concerning the first possibility, this probably occurs in highly sensitized individuals who within a few minutes after tasting the offending food begin to wheeze or to develop urticaria. Ratner and Gruehl (16) sensitized animals by parenteral injection and shocked them by feeding the specific protein.
One animal died within three minutes. By the use of the clotting time, Mills and his coworkers ('17) detected tissue fibrinogen in the blood two and one-half minutes after the fibrinogen was ingested. The rapidity of results in such instances strongly indicate direct absorption into the systemic circulation through the capillaries of the upper alimentary tract.
Other than Hektoen's demonstration by precipitin test, of thyroglobulin in the portal circulation after. its ingestion, little work has been done toward detecting food proteins in the portal blood.
The idea that protein foods may enter the lymph of the thoracic duct was first proposed by Ascoli and Vigano (2) . They found, however, the unexpected presence of precipitins for dog lymph in rabbit serum, so they could not complete the experiment. Banks (18) recently confirmed this observation, there being but four sera that he could use for the experiment. With these, no egg white was detected in the lymph. Ishikawa (19) , likewise, by precipitin tests, failed to detect egg albumen in the thoracic lymph after oral administration, but did find some after it had been injected directly into the intestine. Banks observed no ingested egg white in the thoracic lymph by the anaphylactic method nor by the passive transfer method. Concerning the latter test, Banks speaks of using the method of Coca and Grove, a modification of the Prausnitz-Kiustner technic, for the detection of atopic reagins. Instead of using human serum containing reagins, transferred to human skin (the method of Coca and Grove), he employed an anti-egg-rabbit serum injected intracutaneously into rabbits. The distinction between the two tests is important since the Prausnitz-Kiustner technic is so much more delicate than any other that it should be the method of choice. Injection of anti-egg-rabbit serum into the skin of rabbits results in a totally different immunologic process.
In view of the fact that the passive transfer of reagins has not been applied to the portal blood or thoracic lymph for the detection of ingested protein, this test was used in the following experiments, and compared to the precipitin method.
EXPERIMENTAL Precipitin tests
Anti-egg-rabbit serum was prepaied by injecting a rabbit, weighing 3 kilos, intravenously three times with 4 cc. of 1: 10 dilution of sterile eggwhite in distilled water at 4 day intervals. Nine days after the last injection the animal was bled under sterile precautions. The separated serum diluted 1: 5 had a precipitin titer of 1: 40,000. The ring test was used by layering the material to be examined over the immune rabbit serum in tubes 8 mm. by 75 mm. Readings were made after standing in a water bath at 37.5°C. for 1 hour. Control tests with normal rabbit serum were made.
Prausnitz-Kiistner test
Human ser.um containing reagins to egg in a titer of 1: 1,000,0001 was secured. One-tenth of a cubic centimeter was injected intradermally at several sites in the skin of normal individuals. A negative preliminary skin reaction to egg white was first secured, and the subject was given an egg-free diet previous to the test. Two-hundredths of a cubic centimeter of the material to be tested was injected intradermally at the sites of reagin introduction, 24 hours later. The bleb raised by the testing material was outlined in India ink, and the resulting wheal of a positive reaction was also outlined 15 minutes later. These ink marks were traced through thin paper. The circumference of each mark was measured with a planimeter and the difference between the two readings recorded in square centimeters. This result represented the size of the skin reaction in two dimensions.
Dogs weighing about 10 kilos were fasted for 24 hours and then given egg white in the amounts of 1 egg for every 2 kilos of body weight, by stomach tube. Several dogs ate the egg white from a pan, and no tube was introduced. Three hours later (occasionally 2 hours) the animal was anesthetized with ether. Lung sufflation under posi-tive pressure through a tracheal cannula was begun. Lymph was aspirated from the thoracic duct which was isolated just above the diaphragm; the abdomen was opened and blood taken from the portal vein; and the aorta was aspirated for systemic blood. Attempts to secure lymph periodically from the thoracic duct in the neck were unsuccessful because of clotting.
Sera from the portal vein and aorta were separated from the clot, and these and the lymph were put through Zeitz filters to insure sterility. Each was used as test material.
RESULTS
Although no precipitins for dog lymph appeared in the rabbit serum used, the lymph was occasionally cloudy despite preliminary fasting. In such instances, the test was unreadable. Results in 9 dogs are recorded in Table I . As controls, tests were done for precipitins to egg white in 5 dogs fed raw beef. All of these were negative.
*jjM"&g Egg white was present in varying amounts in the lymph of the thoracic duct and in the systemic blood. This is in contrast to the consistently negative results with portal blood. In a few instances anaphylactic tests were carried out with the Dale technic (20) . Uterine horns from guinea pigs sensitized to egg white two to three weeks previously were suspended in oxygenated Tyrode's solution and the test material added to the bath. Difficulty was encountered in securing muscle strips sufficiently sensitive on the date of operation to contract with weak dilutions of egg white. However, on a few occasions the results were satisfactory, as recorded in Figure 1 . Here again, egg white appeared in the thoracic duct lymph and systemic blood but none in the portal blood.
The results of passive transfer are recorded in Table II .
The relatively large size of the control wheals cle. Egg white apparently behaves differently, 2 since in no instance either by precipitin test or by passive transfer was it detected in the portal circulation. One would expect to find traces of it there when egg white was present in large amounts in the systemic blood which is pumped ,*29 into the superior mesenteric artery. No explanation of its absence is offered. Although portal blood itself caused an irritative reaction, with the passive transfer method, the fact that the average size of the control wheals was larger than that of the test material makes it quite unlikely that the portal blood contained egg protein.
It appears that under the conditions of the above experiments ingested egg white reaches the systemic circulation via the thoracic duct lymph quite consistently. This is of interest since the egg white was introduced into a fasting stomach and therefore was probably not carried through the lacteals with fat in the food. O) According to Mann (25) The fact remains that other proteins introduced
